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Abstract
Older patients are underrepresented in major cardiovascular trials,
and only relatively healthy elderly patients, with few comorbidities or
functional impairments, have been enrolled. As a result, current guide-
lines are unable to provide evidence-based recommendations for anes-
thesia treatment of patients aged ≥75 years, undergoing non-cardiac
surgical procedures. Effective strategies, aimed at reducing the risk of
perioperative cardiac complications, should involve cardiac evaluation
using mostly medical history. A key component is the evaluation of ac-
tive or unstable cardiac conditions, surgical and cardiac risk factors,
and functional capacity of the patient. 
Patient at low cardiac risk, based on clinical features, functional
status, and low-risk surgery, do not generally require further cardiac
evaluation, and can be operated on safely without further delay. Addi-
tional preoperative testing is indicated in patients at intermediate risk,
with poor or unclear functional status. Patients at high-risk based on
clinical features, poor functional status, undergoing high-risk surgery
may benefit from further evaluation with noninvasive/invasive stress
testing. In case of emergency surgical procedures, patient or surgery-
specific factors dictate the strategy and do not allow further cardiac
testing or treatment.
Successful perioperative evaluation is best achieved by combining
an integrated multidisciplinary approach, with good communication
between the patient, anesthesiologist, cardiologist, geriatrician and
surgeon.
Introduction
“The strongest predictors for postoperative mortality and morbidity
are preoperative variables”
The incidence and prevalence of most cardiovascular disorders in-
crease with age. It is estimated from primary care data that, in the 75-
84 years age group, 19% of men and 12% of women have some degree
of cardiovascular disease (CVD) (1), and CVD is the leading cause of
death and major disability in adults ≥75 years of age. Age per se, is re-
sponsible for only a small increase in the risk of perioperative compli-
cations; greater risks are associated with urgency of the surgical pro-
cedure and the presence of comorbidities. Unfortunately, older patients
have been markedly underrepresented in most major cardiovascular
trials or the studies have enrolled only relatively healthy older patients
with few comorbidities or functional impairments. As a result, current
guidelines are unable to provide evidence-based recommendations for
anesthesia treatment of patients aged ≥75 years [2]. The aim of guide-
lines is to help physicians to make safe decisions and formulate a man-
agement plan by using the latest evidence-based medical knowledge
and simplify and/or eliminate unnecessary employment of resources.
In 2015, the American Heart Association, the American College of
Cardiology, and the American Geriatrics Society in their statement con-
cluded that only the results of large population-based studies and clin-
ical trials, that include older patients representative of those seen in
clinical practice, will provide the foundation for future evidence-based
guidelines applicable to older people with CVD [2]. 
Notwithstanding these considerations, although there are no spe-
cific guidelines for the senior population, we can refer to guidelines
and recommendations based on available relevant clinical evidence
that can help the anesthesia care providers to assess the preoperative
cardiovascular risk in adult patients and to design perioperative strate-
gies that aim to reduce additional perioperative risks [3-6].
Anesthesiologic approach 
Preoperative risk assessment is an important step in reducing peri-
operative morbidity and mortality in patients undergoing noncardiac
surgery.
Effective strategies, aimed at reducing the risk of perioperative car-
diac complications, should mostly involve cardiac evaluation using
medical history, before the surgical procedure. A key component is the
evaluation of active or unstable cardiac conditions, surgical and cardiac
risk factors, and functional capacity of the patient. Successful periop-
erative evaluation is best achieved by combining an integrated multi-
disciplinary approach, with good communication between the patient,
anesthesiologist, cardiologist, geriatrician and surgeon. 
Anesthesiologists, who are experts on the specific demands of the
proposed surgical procedure, need to assess the cardiac risk associated
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surgical procedure itself represents a sustained cardiovascular stress,
quite beyond what the patient may experience in daily life. The risk of pe-
rioperative cardiac complications depends mostly on surgical procedures
associated with prolonged haemodynamic and cardiac stress, as well as
perioperative changes in body core temperature, blood loss, fluid shifts,
and whatsoever stress that increases myocardial oxygen demand. 
Table 1 illustrates surgical risk estimates (low, intermediate, and
high-risk groups), considering the combined incidence at 30-days of car-
diac death and nonfatal myocardial infarction, according to type of sur-
gery or intervention (patients’ comorbidities are not considered) [9]. 
Evaluate functional capacity
Determination of functional capacity is a pivotal step in pre-operative
cardiac risk assessment, and represents the ability to climb stairs, do
one’s own housework, perform regular exercise, etc. Functional capacity
can be measured in metabolic equivalents (METs), and can be used as
a predictor of future cardiac events. One MET equals the basal metabolic
rate (oxygen consuption at rest = 3.5 ml O2/kg bw/min), and exercise
testing provides an objective assessment of functional capacity. 
Without testing, however, functional capacity can be estimated from
the ability to perform daily living activities. Walking on level ground
(about 6 km/h) or climbing two flights of stairs demands 4 METs, while
strenuous sports, such as swimming, >10 METS. Generally, <4 METs
indicates poor functional capacity, and is associated with an increased
incidence of post-operative cardiac events [10] and worse short- and
long-term outcome in patients undergoing noncardiac surgery.
Calculate risk indices
Clinical risk indices are recommended for perioperative risk stratifi-
cation [3-6]. Several risk indices have been developed during the past 30
years. At the moment, the Lee risk index (6 predictors: type of surgery, is-
chemic heart disease, heart failure, cerebrovascular disease, treatment
with insulin, and creatinine (>2 mg/dL), a modified version of the orig-
inal Goldman index; and the NSQIP model (5 predictors: age, ASA phys-
ical status class, creatinine (>1.5 mg/dl), functional status and type of
surgery) are recommended for cardiac perioperative risk stratification in
non-cardiac surgery [11,12]. The NSQIP model is presented as an inter-
active risk calculator (http://www.surgicalriskcalculator.com/miorcar-
diacarrest) and the risk can be calculated in a simple and accurate way.
with the surgery, identify the patient risk profile, recommend appro-
priate preoperative testing and make suitable recommendations.
Cardiac risk estimation is initially based on clinical characteristics
and type of surgery, and then extended, when indicated, to resting elec-
trocardiography (ECG), laboratory measurements, and non-invasive/in-
vasive stress testing.
Assess the clinical features
Before discussing how to evaluate the cardiovascular risk in the senior
population, it is mandatory to underlye that the preoperative anesthesio-
logic assessment of geriatric patients needs to include all perioperative
risk factors such as frailty, functional status, nutritional status, pulmonary
status, and substance dependence [7,8]. The risk of perioperative cardiac
complications depends on the cardiac conditions of the patient before
surgery, the prevalence of comorbidities, and the urgency, magnitude,
type, and duration of the surgical procedure. Factors that increase the risk
of perioperative cardiac complications include: ischemic heart disease,
heart failure, diabetes mellitus (especially insuline-requiring), renal in-
sufficiency, poor functional status, and high risk surgery.
Consider the urgency of the procedure
When emergency surgical procedures, such as those for ruptured ab-
dominal aortic aneurysm, major trauma, or perforated viscus are
needed, the cardiac evaluation must necessarily be limited. Patient or
surgery-specific factors dictate the strategy and do not allow further
cardiac testing or treatment. In these cases, the consultant provides
recommendations on perioperative medical management, surveillance
for cardiac events, and continuation of chronic cardiovascular medical
therapy [6]. In urgent procedures, intraoperative hemodynamic moni-
toring should always be planned.
Consider the surgical risk factors
In order to stratify overall perioperative risk, it is essential to consider
the nature and duration of the surgical procedure. Although patient-spe-
cific factors are more important than surgery-specific factors in pre-
dicting the cardiac risk for non-cardiac surgical procedures, the type of
surgery must be taken into consideration. In the majority of the cases, the
Table 1. Surgical risk procedures and incidence of perioperative cardiac complications.*
Low risk < 1% Intermediate risk 1-5% High risk >5%
Superficial surgery Abdominal Aortic and major vascular surgery
Brest Carotid symptomatic Open lower limb amputation
Dental Peripheral arterial angioplasty Duodeno-pancreatic surgery
Endocrine Endovascular aneurysm repair Liver resection, bile duct surgery
Eye Head and neck surgery Oesofagectomy
Reconstructive Pulmonary Repair of perforated bowel
Minor gynecological Renal transplant Adrenal resection
Minor orthopedic Minor intratoracic Total cistecomy
Minor urologic Major neurologic Pneumonectomy
Major orthopedic Pulmonary transplant
Major urologic Liver trasplant
* 30-day cardiovascular death and nonfatal miocardial infarction, patient comorbidities not considered.
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Evaluate biomarkers
Based on present data in the literature, assessment of serum bio-
markers (troponin, B-type natriuretic peptide, etc.) for patients under-
going non-cardiac surgery cannot be proposed for routine use, but may
be considered in high-risk patients (METs ≤4 or with a revised cardiac
risk index value >1 for vascular surgery, and >2 for non-vascular sur-
gery), in order to obtain independent prognostic information for peri-
operative and late cardiac events [6].
Decide if further noninvasive/invasive
evaluation is needed
Patient who are at low cardiac risk based on clinical features, func-
tional status, and proposed low-risk surgery (Table 1) do not generally
require further cardiac evaluation, and can be operated on safely
without further delay. Additional preoperative testing is indicated in
those patients at intermediate risk where functional status is poor or
unclear. Patients considered at high-risk based on clinical features,
poor functional status, undergoing high-risk surgery (Table 1) may
benefit from further evaluation, and testing should be performed,
mostly when it can change perioperative management. 
If active cardiac disease is suspected, the patient should be referred
to a cardiologist for assessment and possible treatment.
Active cardiac conditions that necessitate further evaluation and
treatment are:
1) unstable coronary sindromes (unstable or severe angina; recent
(<30 days) myocardial infarction);
2) decompensated heart failure; 
3) significant arrhytmias (high grade atrioventricular block; sympto-
matic ventricular arrhytmias; supraventricular arrhytmias with un-
controlled ventricular rate (>100 bpm); symptomatic bradycardia;
newly recognized ventricular tachycardia);
4) severe valvular disease (aortic stenosis: mean pressure gradient
>40mmHg, area <1 cm2 or symptomatic; symptomatic mitral stenosis).
In seniors undergoing non-cardiac surgery, invasive cardiac evalua-
tions (such as preoperative coronary angiography) can be indicated in pa-
tients considered at high risk based on noninvasive testing, angina unre-
sponsive to adequate medical therapy, unstable angina, and proposed in-
termediate or high-risk surgery after equivocal noninvasive test results.
Individuals with more than 3 clinical risk factors, and extensive my-
ocardial ischemia on preoperative stress imaging testing appear to
have a high complication rate, even with effective medical therapy, and
should be considered for invasive evaluation and coronary revascular-
ization (“individualized management” on the algorithm).
When senior patients need to undergo a surgical non-cardiac proce-
dure, the anesthesiologist should coordinate a multidisciplinary team
(cardiologist, geriatrician, surgeon), for determining which patients
benefit from cardiac testing, coronary artery revascularization, and car-
diovascular therapy before surgery, according to the stepwise approach
(algorithm) illustrated in Figure 1.
Figure 1. Algorithm for patients undergoing non-cardiac surgical procedure.
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Perform postoperative surveillance
Cardiac ischemia or miocardial infarction can be estimated on the
basis of biomarkers elevation, new ECG abnormalities, hemodynamic
instability, and quality and intensity of chest pain or other cardiac
symptoms. 
Patients who develop ST-elevation MI (STEMI) should be considered
for urgent angiography and coronary reperfusion, whereas patients
with non-STelevation MI (non STEMI) should undergo risk stratifica-
tion after initial stabilization with intensive medical therapy. Individ-
uals who develop heart failure after surgery should be evaluated and
treated on the basis of the precipitating factors and/or underlying
causes.
Conclusions
Comprehensive appropriate evaluation by a dedicated team, possibly
including anesthesiologist, cardiologist, geriatrician and surgeon, may
significantly improve periprocedural and long-term outcomes in senior
patients undergoing non-cardiac surgery. 
Currently, the prevention of cardiac problems relies on identification
of the patients at risk, optimisation of the preoperative condition by
modification when possible of underlying risk factors, optimisation of
the perioperative medication, and adequate perioperative monitoring
and measures to prevent myocardial ischaemia. These include ade-
quate sedation and analgesia, adequate oxygenation, oxygen transport
and ventilation, and if necessary additional cardiac medication [13].
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